Caspase recruitment domain family member 8 (CARD8) is an adaptor molecule that negatively regulates nuclear factor-κB (NF-κB) activation, interleukin (IL)-1β secretion, and apoptosis. ese play important roles in the pathogenesis of psoriasis. Genetic variants of CARD8 have been associated with an increased risk of several inflammatory diseases and psoriasis in Europe. However, nothing is known about the association of the polymorphisms of CARD8 and psoriasis vulgaris (PsV) in the Han population of northeastern China. To investigate the potential association between them, we designed a case-control study to genotype four selected single nucleotide polymorphisms (SNPs) using the improved multiplex ligation reaction (iMLDR) method. Model-based single SNP frequentist-test and haplotype association studies were performed to assess the association between SNPs and PsV. e results showed that the intron SNP rs10403848 was significantly associated with PsV (additive model p � 0.0418, p ′ � 0.0411, and statistical power 0.1902; heterozygous model p � 0.0418, p ′ � 0.0164, and statistical power 0.9406). A potential risk locus of nonsynonymous SNP rs2043211 found in the European population did not show a significant association in our study. We found that the polymorphism rs10403848 in CARD8 is significantly associated with PsV risk in the Han population of northeastern China. CARD8 may be involved in PsV in this population, as in the European population, but a different genetic process should be considered for the heterogeneity of risk loci.
Introduction
Psoriasis is an immunologically mediated chronic inflammatory and hyperproliferative skin disease affected by both genetic and environmental factors. It is characterized by epidermal hyperplasia, inflammatory cell infiltration, and vascular remodeling [1] , and it affects 0.5-3% of the general population [2] . Psoriasis has been thought to be dependent on a complex interplay between many genetic loci and environmental factors [3] . e incidence of psoriasis vulgaris (PsV) accounted for more than 90%. ere is abundant evidence showing that numerous risk-associated genetic variants within many susceptibility loci are related to PsV [4] . To date, people have performed numerous studies on PsV and uncovered a few novel genetic loci that are associated with the disease, including those related to innate immunity, T-cell signaling, skin barrier function, and NF-kB signaling [5] . More than 40 susceptibility genes have been identified involving diverse ethnic populations [6] . However, the SNPs identified account for only a small fraction of the hereditary factors [6] , and the etiology of PsV is not fully understood. In PsV, a substantial polygenic component remains unclear but would have an impact on the development of genetic diagnosis and prognosis.
e caspase-associated recruitment domain (CARD) is a conserved homology domain and a protein-protein interaction module [7] . It has been suggested that CARD8, a member of the CARD-containing family of proteins, is a part of the inflammasome [8] .
e inflammasome is a cytoplasmic protein complex that plays a vital role in the maturation and secretion of proinflammatory cytokines [8] , including interleukin (IL)-1β and IL-18 [9] [10] [11] . ese cytokines are known to cause a variety of biological effects associated with infection, inflammation, and autoimmune processes by triggering the adaptive immune response and they are strongly implicated in the pathogenesis of psoriasis [9] [10] [11] . CARD8 was shown to be a negative regulator of nuclear factor-κB (NF-κB) and caspase-1 activation, which implicates its role in the suppression of NLRP3 inflammasome activation, leading to the suppression of the immune response and of inflammatory activity [8] . CARD8 represents a new signaling molecule involved in the regulation of caspase-1 and NF-κB activation [12] , which play key roles in the development of psoriasis [13, 14] .
Genetic variants of CARD8 are also important in the pathogenesis of a variety of inflammatory diseases [13] . e gene polymorphisms of CARD8 have been associated with several inflammatory and immune diseases, such as rheumatoid arthritis [15, 16] , Crohn's disease [17] , gout [18, 19] , ankylosing spondylitis [20] , and atopic dermatitis [21] . Some authors have proposed that psoriasis is associated with other autoimmune diseases, such as arthritis and Crohn's disease [22] . A polymorphism of CARD8 and rs2043211, is associated with the risk of psoriasis in Swedes [13] . e relation between CARD8 and the etiopathogenesis of PsV in the Chinese population remains unknown. erefore, we performed a case-control study to investigate the relationship between CARD8 polymorphisms and PsV in the Han population of northeastern China.
Methods

Study Subjects.
We randomly selected 540 PsV patients and 612 healthy controls from January 2013 to April 2015 at the Second Hospital of Harbin Medical University. We calculated the sample size to confirm the reliability of the data results. All the patients included in the study had a diagnosis of PsV as determined by two dermatologists at this institution and all had at least two skin lesions. All patients and healthy controls in this study were of Han descent of northeastern China (including three levels of relatives). e healthy controls were randomly selected from a population that came to the same hospital for health examinations. We used available self-reporting questionnaires to obtain basic information (sex and age) from both groups and clinical data (PsV severity, age of onset, and family history, including three levels of relatives) from patients. We also used the questionnaires to exclude patients and controls with any systemic, infectious, autoimmune, atopic, or malignant disease (controls were excluded if they had psoriasis or a family history of psoriasis, including three levels of relatives).
All participants provided written informed consent. Also, the study protocol was approved by the ethics committee of the Second Affiliated Hospital of Harbin Medical University. All methods in this study were conducted in accordance with the approved guidelines and the ethical guidelines of the Declaration of Helsinki.
Candidate SNP Selection.
e method we used to identify potentially relevant SNPs is described in Zhao et al. [23] . First, we studied the length of CARD8 gene sequence. en, we obtained genetic polymorphism data from the NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/ projects/SNP/). In selecting SNPs of CARD8, we considered linkage disequilibrium and different SNP distributions. Moreover, we enrolled the SNPs based on predicting the potential function in the predisposition to PsV in the GWAS study and referring to the related researches. Finally, we selected four representative common SNPs, rs2043211, rs2288876, rs3745718, and rs10403848, for which the Minor Allele Frequency (MAF) was greater than 0.05 in the HapMap Chinese Han Beijing population. e selection of the CARD8 polymorphism rs2043211, a missense locus, was based on its previous association with autoinflammatory diseases [13, [15] [16] [17] [18] [19] [20] [21] [22] . rs2288876 is a synonymous polymorphism, rs3745718 locates on the 3′-untranslated regions, and rs10403848 locates to an intron region.
DNA Extraction and Genotyping.
Venous whole blood samples (2 ml each) were collected from each participant in tubes containing ethylenediamine tetra-acetic acid and stored at − 20°C according to the manufacturer's recommendations. Genomic DNA was extracted using a QIAamp DNA blood Mini Kit (Qiagen, Germany), according to the protocol of the manufacturer. e target DNA sequences were amplified using a multiplex polymerase chain reaction (PCR) method with specific primers. e primer DNA sequences are shown in Tables 1-2. All the genotyping experiments were performed using the iMLDR as described by Genesky Biotechnologies Inc. (Shanghai, China) [23] .
e PCR was carried out on the ABI 2720 ermal Cycler (Applied Biosystems, USA) in a 20 μl reaction mixture (total volume). e ABI3730XL sequencer was used for genotype detection, and the results were analyzed with GeneMapper 4.1 software (Applied Biosystems, USA). e staff who performed the genotyping were blinded to the sample groups. To verify reproducibility, 5% of the samples were selected at random for a repeat PCR.
Allele, Genotype, and Haplotype Association Studies.
e demographic characteristics were analyzed using SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA). e distribution description of detected genotypes and alleles and the Hardy-Weinberg equilibrium (HWE) test were performed using Haploview 4.0 (http://www.broad.mit.edu/mpg/haploview/); the HWE test threshold was defined as 0.001. We defined the polymorphism effect with codominant (allele), additive (genotype), dominant, recessive, and heterozygous models based on the allele frequencies of each locus in the PsV cases. e allele and genotype frequencies were statistically compared in the cases and controls.
e chi-square test was used to perform association studies of the CARD8 polymorphisms between patients and controls. e single SNP association studies were completed by the SNP test. Statistical significance was defined as p < 0.05 for a single test, and 10,000 permutations were performed for the multiple test correction.
e linkage disequilibrium (LD), haplotype inference, and association study were performed by Haploview. e LD r was limited to 0.8, and p < 0.05 was considered statistically significant.
Results
Samples and Genotyping Data Description.
e study included 1152 persons who were genotyped. e proportion of males in both groups was higher than that of females (124 more in the case group and 72 more in the control group), which may be due to the selection bias.
ere were no significant differences in the distribution of sex and age between the two groups (p � 0.20 and p � 0.24, separately). We stratified and compared the PsV patients according to sex, age at disease onset (early onset (≤40 years) and late onset (>40 years)), severity index (severe (PASI > 10) and mild (PASI < 10)), and family history. However, we did not find any evidence that these factors were associated with PsV risk. As an indicator of quality control for the genotyping test, the blinded genotyping concordance rate was 100%, and no discrepancies were identified in the randomly selected 5% (58) of samples that were subject to repeat PCR. e basic demographic and clinical data for the participants are shown in Table 3 .
In 1152 quality control samples, the genotype recall rate was 100%. e genotype frequencies of CARD8 polymorphisms (rs2043211, rs2288876, rs3745718, and rs10403848) in the study were common SNPs (MAF > 0.05), as estimated. In both the case and control groups, none of the studied polymorphisms deviated from HWE, and no SNP demonstrated a Mendelian genetic error.
Single SNP Association Studies.
For the rs10403848 SNP, the minor A allele (risk allele) was present in 30.7% of patients and 28.9% of controls. e additive model (G vs. A) distribution was significantly different between cases and controls (p � 0.0418, p ′ � 0.0411), and the heterozygous model (AA + GG vs. AG) distribution was significantly different between cases and controls (p � 0.0164, p ′ � 0.0159). We calculated the power of the sample using the PASS11, and we found that the power of the additive model distribution was 0.1902 and the heterozygous model distribution was 0.9406, which indicated that CARD8 may be associated with the development of PsV. It was determined that the G allele and G-carriers of rs10403848 correlated negatively with the susceptibility to PsV from the additive model, whereas the heterozygous AA + GG Table 6 . Among the eight haplotypes, the most common were TTAA and TTAG, the frequencies of which were 0.250/0.230 (χ 2 � 0.625, p � 0.4292) and 0.219/0.2340 (χ 2 � 0.395, p � 0.5294), respectively. We did not find any of the eight genotypes significantly associated with PsV risk (p > 0.05).
Discussion
In this case-control study, we investigated CARD8 polymorphisms and clinical parameters as possible risk factors for PsV in northeastern China. We assessed the contribution of CARD8 (rs2043211, rs2288876, rs3745718, and rs10403848), and we found that two genotypes of rs10403848 were associated with PsV risk. is finding may provide new information suggesting the importance of the CARD8 gene in PsV.
Identifying susceptible genes is expected to elucidate the etiology of PsV and guide clinical treatment. Incomplete coverage of a genome-wide association study (GWAS) may produce unsatisfactory results. In addition, psoriasis has characteristics affected by both genetic and environmental factors, which made it necessary to test the association of different regions of genes for suspected SNPs. CARD is a conserved homology domain and a protein-protein interaction module that plays important roles in apoptosis, the NF-κB signaling pathway, and cytokine regulation. CARD8 gene is located on chromosome 19 (19q13.33), NC_000019.10 (48203148..48256264, complement), as shown in Figure 1 . In the gene schematic diagram (Figure 2) , we can see the gene contains 22 exons (the green ones are exons, and the parts between the green ones are introns). e position of this gene is from left to right. rs10403848 is not in the first intron, but in the last intron. CARD8 is just one gene and contains no other genes. e polymorphism of CARD8 gene impacts its expression levels, and there is a large body of literature on CARD8 SNPs and their correlation with inflammasome protein expression and activation [24] . rs2043211 is the most studied susceptibility locus. It showed a significant correlation with psoriasis risk in a Swiss study [13] . It also has been associated with susceptibility to Crohn's disease, a disease that shares several susceptibility loci with psoriasis [25] . However, no significant correlation was found in our study. We did find a significant association between rs10403848 and the risk of PsV. Zhao et al. studied the same SNP in patients with prehypertension and coronary atherosclerosis, which are also inflammation-related diseases but did not find a significant difference between patients and controls. Our different findings may suggest the heterogeneity of different populations (including ethnic origin, eating habits, environmental exposure, health habits, and so on) and the variability of different diseases. In addition, in our research, the heterozygous model received a lower p value than the additive model. It seemed that the risk allele was AG allele in the heterozygous model rather than A allele in the additive model, and the heterozygous model was the best association model compared with other models. However, this phenomenon has not been reported in other PsV association studies. We found that the results were different in different studies. erefore, we could not infer that the heterozygous model is the best association model for all known associated sites. Maybe we need more research to explain it in the future. Potential functional annotation of rs10403848 was identified using the HaploReg version 4.1database
(http://www.broadinstitute.org/mammals/ haploreg), and the application of this method is modeled on some previous studies on psoriasis [26] . According to the Haploreg dataset, we found that rs10403848 is a trans eQTL for CARD8 in whole blood suggesting that the effects of the rs10754557 and CARD8 expression may differ in disease developing risk for individuals with the different genetic genotype. To a certain extent, this also explained the reasons for the different results of the abovementioned studies. Available Haploreg data also indicated that rs10403848 was located in the intron region, and Histone marks (H3K4me1_Enh) were detected at the locus based on histone modification feature data in many immune-related cell lines, such as Primary T helper memory cells from peripheral blood, Primary T CD8+ naive cells from peripheral blood, and Primary monocytes from peripheral blood, suggesting that this locus may function as an enhancer in an immunerelated system. CARD8 interacts with leucine-rich repeat and pyrin domain containing 3 (NLRP3) and Apoptosis-associated Speck-like protein containing a CARD to form a caspase 1 activating complex termed the NLRP3 inflammasome [26] . As we mentioned earlier, the NLRP3 inflammasome is closely related to the mechanism of psoriasis. Moreover, we have previously discovered the relationship between the genetic polymorphism of NLRP3 (rs3806265 and rs10754557) and psoriasis. In this experiment, we found a new susceptible site of CARD8. ese findings underscore the important role of autoimmunity and inflammation in the development of psoriasis. It also gives us a new understanding of this relationship and provides us with more perspectives on the study of psoriasis.
e etiopathogenesis of PsV is multigenic and multifactorial. Like our previous studies, [27] our study had several limitations. First, our sample size was relatively small, which may limit the revelation of true relationships. An increase in the sample size may reveal an even more pronounced significance. Second, all of our samples were from the Han population of northeastern China. is restriction to a single population and region might introduce a selection bias, and our results may not apply to other ethnic groups. In addition, genes and environment interact with each other, BioMed Research Internationalwhich may play a part in the pathogenesis of psoriasis, so different environmental risk factors in different populations may also affect the role of susceptibility loci in psoriasis risk. ird, we only tested limited polymorphisms in the CARD8 gene, which may not be a critical locus for psoriasis but just near in LD to a causative locus. us, studies on the correlation of more gene loci and the functional role of genes are needed. In spite of these limitations, our study demonstrated an association between the rs10403848 polymorphism and the risk of PsV.
is result could provide reference information for subsequent functional studies.
Conclusion
In conclusion, our study suggested a correlation between the variant SNP rs10403848 of the CARD8 gene and PsV in the Han population of northeastern China. CARD8 may be involved in psoriasis development as a genetic marker or a causative polymorphism. Previously, our team identified a relationship between several other genetic polymorphisms and PsV [14, [27] [28] [29] . We will compile these findings to further explore the relationship between these genes and PsV in the Han population of northeastern China. At the same time, large-scale, multiple gene studies in ethnically diverse populations will be necessary.
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